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resistance. Effects of TGF on efferent arterioles perfused or-Efferent arteriole tubuloglomerular feedback in the renal
thograde or retrograde were similar, suggesting that glomerularnephron.
autacoids do not participate in this process.Background. Afferent and efferent arteriole resistance ex-
erts critical and opposite actions in the regulation of glomerular
capillary pressure (PGC) and glomerular filtration rate (GFR).
Tubuloglomerular feedback (TGF) plays an important role in
The glomerular capillaries are unique in that two resis-the regulation of afferent arteriole resistance; however, the
tance vessels, the afferent and efferent arterioles, regu-role of TGF in the regulation of efferent arteriole resistance
is less well established. We hypothesized that TGF caused by late inflow and outflow of blood, respectively, and conse-
increased NaCl in the tubular fluid stimulates the macula densa quently control both glomerular capillary pressure (PGC)to initiate a cascade of events resulting in efferent arteriole and glomerular filtration rate (GFR). Because the affer-vasodilation, mediated by adenosine via its A2 receptor.
ent arteriole, glomerulus, and efferent arteriole are ar-Methods. Rabbit efferent arterioles and adherent tubular
segments with macula densa were simultaneously microper- ranged in series, their dynamics are closely interrelated.
fused in vitro while changing NaCl concentration at the macula For example, constriction of the afferent arteriole with-
densa. To study whether autacoids produced by the glomerulus out other changes would reduce glomerular capillary
participate in the effect of TGF on efferent arterioles, they
pressure and flow downstream, which will decrease GFR.were perfused orthograde or retrograde. To eliminate the he-
Conversely, constriction of the efferent arteriole wouldmodynamic influence of the afferent arteriole during ortho-
grade perfusion, the perfusion pipette was advanced to the build up pressure upstream, which, in turn, may increase
distal end of the afferent arteriole, and the tip of the pressure capillary hydrostatic pressure and GFR. Thus, under-
pipette was placed beyond the afferent arteriole; for retrograde standing how the afferent and efferent arterioles areperfusion, the efferent arteriole was perfused from its distal
regulated is fundamental to explaining how GFR is regu-end.
Results. In efferent arterioles perfused orthograde and pre- lated under specific physiological and pathological condi-
constricted with norepinephrine (NE), increasing NaCl concen- tions.
tration at the macula densa increased the diameter by 33%. In each nephron of the mammalian kidney, the tubule
In preconstricted efferent arterioles perfused retrograde, in-
exiting the glomerulus eventually returns to the hilus ofcreasing NaCl at the macula densa increased the diameter by
that same glomerulus [1]. At the site of contact with the33%. Efferent arteriole vasodilation was completely blocked
by a selective adenosine A2 receptor antagonist (3,7-dimethyl- hilus, the tubule has a specialized group of cells, the
1-propargylxanthine) but not by an adenosine A1 receptor an- macula densa, which senses tubular fluid NaCl concen-
tagonist (FK838).
tration and sends a signal that regulates afferent arterioleConclusions. Our data show that in vitro, preconstricted
resistance. This process is known as tubuloglomerularefferent arterioles dilate in response to increased macula densa
NaCl, and this process is mediated by activation of adenosine feedback (TGF) [2]. Tubuloglomerular feedback is gen-
A2 receptors. Thus, TGF changes efferent arteriole resistance erally regarded as being mediated by a vasoconstrictor
in the opposite direction from the afferent arteriole, possibly acting on the afferent arteriole, and adenosine has beenamplifying TGF regulation of PGC and GFR. In vivo efferent
implicated in the afferent arteriole TGF response viaarteriole TGF may only buffer the signals that cause efferent
activation of its A1 receptor (abstract; Ren et al, J Amarteriole resistance to parallel changes in afferent arteriole
Soc Nephrol 5:610, 1994) [3]. We and others have shown
that although adenosine constricts the afferent arterioleKey words: hemodynamics, macula densa, adenosine, microperfusion,
glomerular capillaries. via its A1 receptor, it dilates the efferent arteriole through
its A2 receptor [abstract; Ren et al, J Hypertens 12(SupplReceived for publication February 28, 2000
3):160, 1994] [4]. While regulation of afferent arterioleand in revised form June 20, 2000
Accepted for publication July 14, 2000 resistance through TGF is well documented [5–7], the
effect of TGF on efferent arteriole resistance remainsÓ 2001 by the International Society of Nephrology
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unclear. Therefore, we tested the hypothesis that TGF composition of the high NaCl solution was similar except
caused by increased NaCl in the tubular fluid stimulates that 48 mmol/L NaCl was added; thus, the final Na and
the macula densa to initiate a series of events culminating Cl concentrations were 65.4 mmol/L Na and 50 mmol/L
in vasodilation of the efferent arteriole, and that adeno- Cl. The bath had a volume of 1 mL and was exchanged
sine acting via the A2 receptor is involved in mediating continuously at a rate of 1 mL/min with MEM containing
this process. 0.15% BSA. Microdissection and cannulation were com-
Since in vitro the efferent arteriole has no myogenic pleted within 90 minutes at 88C, and the bath was then
tone during perfusion, vasodilator responses will be ab- gradually warmed to 378C for the rest of the experiment.
sent during TGF; thus, in this study, we preconstricted Once the temperature was stable, a 30-minute equilibra-
efferent arterioles with norepinephrine (NE) to induce tion period was allowed before taking any measure-
basal tone. We have shown that the glomerulus releases ments. Images were displayed at magnifications up to
vasoactive autacoids, which regulate efferent arteriole 31980 and recorded with a Sony video system consisting
resistance [8]. Therefore, we tested whether the release of a camera (DXC-755), monitor (PVM1942), and video
of glomerular autacoids during TGF alters the diameter recorder (EDV-9500). Efferent arteriole diameter was
of the downstream efferent arteriole. For this, efferent measured with an image analysis system (Universal Im-
arterioles were perfused either orthograde (glomerular aging, West Chester, PA, USA).
effect) or retrograde (no glomerular effect). We found
that in preconstricted efferent arterioles, increased NaCl TGF during orthograde perfusion of the
in the macula densa caused vasodilation with either or- efferent arteriole
thograde or retrograde perfusion, and an adenosine A2 For orthograde perfusion, a short afferent arteriole
receptor antagonist blocked this effect. with its glomerulus intact and a segment of the attached
efferent arteriole were microdissected. The afferent arte-
riole was cannulated and the perfusion pipette was ad-METHODS
vanced to the end to eliminate its hemodynamic influenceWe used a method similar to that described previously
on the efferent arteriole. The tip of the pressure pipetteto isolate and microperfuse afferent arterioles with mac-
was placed just beyond the distal end of the afferentula densa attached [9, 10]. Young male New Zealand
arteriole, keeping intraluminal pressure constant atwhite rabbits were fed standard rabbit chow (Ralston
50 mm Hg. Only in approximately 20% of the prepara-Purina, St. Louis, MO, USA) and given tap water ad
tions was the efferent arteriole visible, permitting us tolibitum. They were anesthetized with ketamine (50 mg/kg,
measure its luminal diameter. Thus, all subsequent stud-intramuscularly) and given heparin intravenously (500 U).
ies were performed using retrograde perfusion of theThe kidneys were removed and sliced along the corti-
efferent arteriole, and visualization was not a problem.comedullary axis. Slices were placed in ice-cold minimal
The protocol consisted of four experimental periods: (1)essential medium (MEM; GIBCO, Grand Island, NY,
a 30-minute equilibration period, perfusing the maculaUSA) containing 5% bovine serum albumin (BSA; Sigma
densa with low NaCl solution; (2) perfusion of the maculaChemical Co., St. Louis, MO, USA) and dissected under
densa with high NaCl solution for 15 minutes; (3) perfu-a stereomicroscope (Olympus SZH, Tokyo, Japan). A
sion of the macula densa with low NaCl for 15 minutessingle superficial efferent arteriole or afferent and effer-
while constricting the efferent arteriole with NE; and (4)ent arterioles with intact glomerulus from each rabbit
perfusion of the macula densa with high NaCl for 15were microdissected together with adherent tubular seg-
minutes while continuing to constrict the efferent arteri-ments consisting of portions of the thick ascending limb,
ole with NE. Efferent arteriole diameter was measuredmacula densa, and early distal tubule. Using a pipette, the
at the end of each experimental period.microdissected complex was transferred to a temperature-
regulated chamber mounted on an inverted microscope
TGF during retrograde perfusion of the(model IMT-2; Olympus) with Hoffman modulation.
efferent arterioleOxygenated MEM (95% O2 and 5% CO2) containing
For retrograde perfusion, most of the afferent arteriole5% BSA was used to perfuse the efferent arteriole. NE
was removed, and the efferent arteriole was perfusedat a concentration of 1 mmol/L was added to the bath
from its distal end at 30 mm Hg throughout the experi-to preconstrict the efferent arteriole. The macula densa
ment. In both preparations, the end of either the distalwas perfused with a solution containing either low or
tubule or thick ascending limb was cannulated with anhigh NaCl. The composition of the low NaCl solution
array of glass pipettes as described previously [9, 11].was as follows (in mmol/L): 15 NaHCO3, 0.96 NaH2PO4,
The protocol was similar to orthograde perfusion. In0.24 Na2HPO4, 5 KHCO3, 1.2 MgSO4, 1.0 CaCl2, 5.5 glu-
addition, a time control group was studied, in which thecose, and 1 Na acetate; thus, the final Na and Cl concen-
trations were 17.4 mmol/L Na and 2 mmol/L Cl. The macula densa was continuously perfused with low NaCl
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during all four periods while the efferent arteriole was
constricted with NE.
TGF during blockade of the adenosine receptors
Adenosine receptor antagonists were added to both
the efferent arteriole perfusion and bath, and all studies
were performed in preconstricted efferent arterioles per-
fused retrograde. Three different antagonists were used:
(1) PSPX, an adenosine A1/A2 receptor antagonist, at 100
mmol/L; (2) 3,7-dimethyl-1-propargylxanthine (DMPX),
an adenosine A2 receptor antagonist, at 100 mmol/L
[12, 13]; and (3) FK838, an adenosine A1 receptor antago-
nist, at 1 mmol/L, since we have previously shown that
FK838 completely blocks afferent arteriole TGF at this
concentration (abstract; Ren et al, J Am Soc Nephrol
5:610, 1994). The protocols were similar to retrograde
perfusion of the efferent arteriole, except that the antag-
onists were added just before the third experimental
Fig. 1. Orthograde perfusion of the efferent arteriole (Ef-Art), show-period. None of the antagonists altered afferent arteriole
ing the effect of varying NaCl concentration at the macula densa on
diameter by itself. efferent arteriole diameter with and without preconstriction. In the
absence of preconstriction (s), changing the NaCl concentration had
no effect on diameter; however, when efferent arterioles were precon-Statistics
stricted by adding 1 mmol/L norepinephrine (NE; d) to the bath, increas-
Values are expressed as mean 6 SEM. Analysis of ing the NaCl concentration at the macula densa caused the efferent
arterioles to dilate (*P , 0.001 vs. 17 Na/2 Cl with NE; N 5 8).variance for repeated measures was used to examine the
data. Comparisons of first to second, second to third,
and third to fourth experimental periods were of primary
interest. These contrasts were examined using paired
changed from low to high NaCl, the luminal diameter oft tests. Significance was judged using Holm’s method for
the efferent arteriole did not change significantly. Whenmultiple comparisons [14]. The adenosine receptors were
retrograde-perfused efferent arterioles were precon-analyzed further by comparing the change between third
stricted to approximately 67% of resting diameter (fromand fourth experimental periods and between treated
14.8 6 0.99 to 10.0 6 1.05 mm, P , 0.001), changing theand control groups. This component of interaction was
macula densa perfusion from low to high NaCl increasedassessed using a two-sample t-test on the differences.
luminal diameter from 10.0 6 1.05 to 13.29 6 1.06 mm,P , 0.05 was considered significant.
P , 0.001; Fig. 2A). Time controls showed no significant
change in efferent arteriole diameter in vessels without
RESULTS tone (13.9 6 0.88, 13.8 6 0.78, 13.8 6 0.77, and 13.7 6 0.74
mm for the 4 experimental periods). Significant changesTGF during orthograde perfusion of the
were observed for time controls of efferent arterioleefferent arteriole
diameter in vessels with tone; however, the arteries didWhen eight nonpreconstricted efferent arterioles were
not dilate, but rather constricted further (15.5 6 1.14perfused orthograde and the macula densa perfusion was
and 15.4 6 0.98 mm before NE and 12.0 6 1.29 and 11.1 6changed from low to high NaCl, the luminal diameter
1.28 mm during NE infusion, P 5 0.003; Fig. 2B).of the efferent arterioles did not change significantly.
However, when efferent arterioles were preconstricted
TGF during blockade of the adenosine receptorswith NE to approximately 71% of resting diameter (from
We next investigated whether adenosine receptor an-13.7 6 0.5 to 9.8 6 0.5 mm, P 5 0.001), changing the
tagonists block the effect of increasing macula densamacula densa perfusion from low to high NaCl caused
NaCl concentration on preconstricted retrograde-per-vasodilation of the efferent arteriole, increasing the di-
fused efferent arterioles. Both the adenosine A1/A2 re-ameter from 9.8 6 0.5 to 13.4 6 0.4 mm (P , 0.001;
ceptor antagonist PSPX (100 mmol/L) and the specificFig. 1).
adenosine A2 receptor antagonist DMPX (100 mmol/L)
TGF during retrograde perfusion of the completely prevented efferent arteriole TGF (Figs. 3
efferent arteriole and 4). After preconstriction, vessels treated with PSPX
constricted slightly, rather than dilating, when the NaClWhen eight nonpreconstricted efferent arterioles were
perfused retrograde and the macula densa perfusion was concentration at the macula densa was increased, al-
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Fig. 3. Retrograde perfusion of the efferent arteriole (Ef-Art), showing
the effect of varying NaCl concentration at the macula densa on efferent
arteriole diameter in controls (s; N 5 8) and treated with an adenosine
A1/A2 receptor antagonist (PSPX; j; N 5 11). *P , 0.001 vs. control.
with FK838 (1 mmol/L) had no effect on efferent arteri-
ole diameter (Fig. 5). The change in diameter seen with
FK838 was similar to that observed for the control group
(P 5 0.49).
DISCUSSION
Fig. 2. (A) Retrograde perfusion of the efferent arteriole (Ef-Art), The macula densa, first described in 1933 [15], acts as
showing the effect of varying NaCl concentration at the macula densa
a chemical detector that senses the NaCl concentrationon efferent arteriole diameter with and without preconstriction. In the
absence of preconstriction (s), changing the NaCl concentration had of the luminal fluid [2]. As NaCl concentration increases,
no effect on diameter; however, when efferent arterioles were precon- the macula densa sends a signal to the afferent arteriole,stricted by adding 1 mmol/L NE (d) to the bath, increasing the NaCl
causing vasoconstriction; as NaCl concentration de-concentration at the macula densa caused the efferent arteriole to dilate
(*P , 0.001 vs. 17 Na/2 Cl with NE; N 5 8). (B) Time controls of creases, the macula densa sends a signal to the afferent
efferent arterioles preconstricted with NE (N 5 5). The arteriole con-
arteriole, causing vasodilation. This process is referredstricted further when NaCl at the level of the macula densa was not
increased, and this change in diameter was statistically significant. to as TGF because changing the diameter of the afferent
arteriole alters its resistance and consequently GFR [6].
Although there have been numerous studies of afferent
arteriole TGF, we know of no previous studies directly
though the decline was not significant (P 5 0.071; Fig.
investigating whether an analogous process might also3). This response was significantly different from the vaso-
modulate resistance in the efferent arteriole of superfi-dilation seen in vessels not treated with PSPX when the
cial nephrons. Our study provides direct evidence thatNaCl concentration at the macula densa was increased
preconstricted efferent arterioles relax when the NaCl(P 5 0.001). Similar results were found for DMPX. After
concentration at the macula densa is increased. In thepreconstriction, vessels treated with DMPX constricted
absence of basal tone, the macula densa does not regulateslightly instead of dilating when the NaCl concentration
efferent arteriole resistance; this is not expected, sinceat the macula densa was increased, although the decline
isolated arteries have little or no basal tone and it is notwas not significant (P 5 0.113; Fig. 4). This response
possible to produce vasodilation without preconstriction.was significantly different from the vasodilation seen in
The dilation of the efferent arteriole caused by increasingvessels not treated with DMPX when the NaCl concen-
the NaCl concentration at the macula densa was similartration at the macula densa was increased (P , 0.001). In
contrast, selective blockade of the adenosine A1 receptor when vessels were perfused via the distal end of the
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Fig. 5. Retrograde perfusion of the efferent arteriole (Ef-Art), showingFig. 4. Retrograde perfusion of the efferent arteriole (Ef-Art), showing
the effect of varying NaCl concentration at the macula densa on efferentthe effect of varying NaCl concentration at the macula densa on efferent
arteriole diameter in controls (s; N 5 8) and treated with an adenosinearteriole diameter in controls (s; N 5 8) and treated with an adenosine
A1 receptor antagonist (FK838; N 5 8). *P , 0.001 vs. 17 Na/2 ClA2 receptor antagonist (DMPX; j; N 5 6). *P , 0.001 vs. control.
with NE.
efferent arteriole or the glomerulus. Adenosine A2 re- tionally, if total resistance of glomerular arterioles is held
constant, such that afferent arteriole resistance increasesceptors mediate a crucial step in this process.
Glomerular filtration is a function of PGC, plasma flow as efferent arteriole resistance decreases, GFR monoto-
nously declines as efferent arteriole resistance decreases.rate, plasma oncotic pressure, Bowman’s space pressure,
the surface area available for filtration, and the filtration GFR does not show a biphasic relationship with efferent
arteriole resistance as it does when afferent arteriolecoefficient [16]. In a system designed to maximally dimin-
ish GFR, one would expect that when the afferent arteri- resistance is held constant [17].
Most previous reports of evidence supporting partici-ole is constricted during TGF, thereby reducing plasma
flow and PGC, the macula densa would signal the efferent pation of the efferent arteriole in TGF have been indirect
and depended on calculated values. In micropuncturearteriole to reduce resistance and thus further decrease
PGC. However, dilation of the efferent arteriole will tend studies, regional vascular resistance was calculated in
order to localize the vascular segment responsible forto increase plasma flow in addition to reducing PGC.
Models of GFR show that when afferent arteriole re- the decrease in single-nephron GFR (SNGFR) induced
by increasing loop flow. Briggs and Wright examinedsistance is held constant, increasing efferent arteriole
resistance initially increases both GFR and PGC. As effer- SNGFR, stop-flow pressure (SFP) as an index of PGC,
stellate vessel pressure (Psv), and single-nephron plasmaent arteriole resistance is increased further, both parame-
ters reach a maximum and then begin to decline. The flow while changing the perfusion rate from 16 to 40
nL/min [21]. They found that both SNGFR and SFPdecline in GFR and PGC is the result of decreased plasma
flow brought about by the increase in efferent arteriole decreased but Psv did not change, and the authors con-
cluded that the feedback response to increased flowresistance [17–20]. By analogy then, decreasing efferent
arteriole resistance may either increase or decrease GFR through the loop of Henle is probably mediated primar-
ily by afferent arteriole vasoconstriction. Since Psv did notdepending on the starting point. Consequently, there is
some question as to whether dilation of the efferent change despite decreasing PGC, it is likely that efferent
arterioles dilate during TGF, decreasing resistance andarteriole during TGF would result in a maximally effi-
cient mechanism to regulate filtration. However, there improving transmission of pressure to the stellate vessels.
This explanation is supported by evidence showing thatare two arguments against dilation of the efferent arteri-
ole increasing filtration in vivo. First, when using physio- the equations used to calculate efferent arteriole resis-
tance used by Briggs and Wright are sensitive to assump-logical values for the parameters controlling filtration, a
decline in efferent resistance leads to a decline in filtra- tions concerning PGC, and that this latter value was under-
estimated by the authors. When a more appropriatetion and, in some situations, halts GFR [18, 19]. Addi-
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value of PGC was used, the data indicate dilation of the A comprehensive explanation of the data reported to
efferent arteriole during TGF [22]. date concerning TGF may be summarized as follows.
Using the stop-flow technique, Briggs and Schner- Around the normal set point for SNGFR, changes in
mann reported that when the rate of perfusion through NaCl delivery to the macula densa induce a TGF re-
the loop of Henle was increased, SNGFR decreased sponse that causes parallel increases in afferent and effer-
while SFP remained essentially unchanged [23]. These ent arteriole resistance. In this situation, the decline in
data suggest that the change in SNGFR was primarily glomerular filtration is due to a change in plasma flow,
due to a reduction in the glomerular ultrafiltration co- filtration coefficient, or both. The increase in afferent
efficient; and since SFP did not change, afferent and effer- arteriole resistance is the result of an active process,
ent arteriole resistance was either unaltered or changed whereas the increase in efferent arteriole resistance may
in the same direction. A similar conclusion was reached be the result of a passive process as described by Thom-
by Davis using a low dose of the calcium channel blocker son, Vallon, and Blantz [24]. As distal delivery of NaCl
nitrendipine [22]. This agent all but abolished the re- increases further, the TGF response becomes more ro-
sponse of PGC to a change in the rate of perfusion through bust, with continued constriction of the afferent arteriole
the loop of Henle from 0 to 40 nL/min, yet changes in and active dilation of the efferent arteriole initiated by
SNGFR were still present. However, the response of
a signal from the macula densa.
SNGFR was significantly reduced. Thus, during calcium
However, it must be recognized that there may bechannel blockade, TGF-induced decreases in SNGFR
other potential contributions to the discordant results.did not require simultaneous changes in PGC. These data These include species differences, model-dependent cal-suggest parallel alterations in afferent and efferent arteri-
culations of efferent arteriole resistance, differences be-ole resistance with changes in plasma flow or filtration
tween in vivo and in vitro preparations, and whethercoefficient to account for decreases in SNGFR under
SNGFR, PGC, or efferent arteriole diameter is measured.pharmacological conditions, but allow for changes in ef-
For instance, in our preparation blood is not present,ferent arteriole resistance when the full effect of TGF
and the effects of plasma flow on GFR are eliminated.is expressed in the absence of calcium channel blockade.
Also, there is no glomerular tubular balance, and changesThomson, Vallon, and Blantz reported that TGF near
in filtration coefficient are omitted. It is also possible thatthe set point could be accounted for by parallel changes
the discordant results are due to retrograde perfusion ofin afferent and efferent arteriole resistance [24]. How-
the efferent arteriole. We have previously shown thatever, the data also show that when a stronger stimulus
was used to elicit TGF, PGC declined at a greater rate angiotensin II has less of a vasoconstrictor effect in the
than did proximal tubule fluid flow. Thus, these data efferent arteriole when perfused orthograde rather than
may demonstrate dilation of the efferent arteriole when retrograde [8] due to cyclooxygenase products released
the TGF response is maximally stimulated. from the glomerulus, which modulate the efferent arteri-
In contrast to the studies discussed above, in which ole response to angiotensin II. However, here we found
efferent arteriole resistance was calculated, in the studies that efferent arteriole TGF was similar whether the effer-
of juxtamedullary nephrons by Casellas et al [25, 26], ent arteriole was perfused orthograde or retrograde, sug-
the authors directly measured efferent arteriole diameter gesting that the increase in efferent arteriole diameter
during TGF and showed that injecting an isotonic solu- we observed when NaCl was increased at the macula
tion into the tubular lumen close to the macula densa densa was not due to release of vasodilators by the glo-
constricts the afferent, but not the efferent arteriole. merulus. Finally, it is possible that dilation of the efferent
These data appear to be inconsistent with both our data arteriole during TGF is a function of the initial tone.
showing efferent arteriole dilation and data of others
We routinely constrict vessels to 50% of their original
showing parallel decreases in afferent and efferent arteri-
diameter when studying vasodilator processes. Thus, ourole diameter during TGF. There are two possible expla-
vessels may have greater tone than those studied in vivo.nations for this discrepancy. First, the average site of
Tubuloglomerular feedback is generally regarded asmeasurement by Casellas et al was 80 mm distant from
being mediated by a humoral vasoconstrictor acting onthe vascular pole of the glomeruli [20, 21]. In contrast,
the afferent arteriole. Adenosine has been implicated inour measurements were taken less than 50 mm from the
afferent arteriole TGF response via activation of theglomeruli, and Edwards found that contractile responses
adenosine A1 receptor (abstract; Ren et al, J Am Socof the efferent arteriole were limited to the 50 to 75 mm
Nephrol 5:610, 1994) [3]. We and others have shownnearest the glomerulus [27]. Second, there may be differ-
that adenosine constricts afferent arterioles and dilatesences in how TGF affects the efferent arteriole in super-
efferent arterioles via activation of A1 and A2 recep-ficial nephrons such as those used in the current study
tors, respectively [abstract; Ren et al, J Hypertens 12(and micropuncture experiments) and juxtamedullary
nephrons. (Suppl 3):160, 1994] [4]. The difference in afferent and
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